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The aircraft can have a first engine secured to a first wing on
a first side of a fuselage, and a second engine secured to a
second wing on a second side of the fuselage, the second
wing having a proximal end secured to the fuselage, and a
distal end extending away from the fuselage. While operat-
ing the first engine, compressed gas can be conveyed from
the first engine to a thrust generating device located at the
distal end of the second wing.

ABSTRACT

10 Claims, 2 Drawing Sheets
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1
AIRCRAFT AND METHOD OF OPERATING
SAME

TECHNICAL FIELD

The application relates generally to aircrafts and, more
particularly, to the propulsion and stabilisation systems
thereof.

BACKGROUND OF THE ART

Some events, such as engine failure for instance, can
cause disruptions to the ability of an aircraft to stay its
course. Engine failure in the case of a twin-engine aircraft,
for instance, leads to a scenario where the operating engine
generates torque around the center of gravity of the aircraft,
which can induce yaw. The torque corresponds to the thrust
(force) generated by the operating engine times the distance
with the center of gravity of the aircraft. To a certain extent,
such torque can be compensated using a tail rudder, but
ensuring that the tail rudder will be able to compensate for
this torque may require oversizing the tail rudder compared
to the size it would otherwise require, leading, amongst
other potentially undesirable aspects, to additional weight.
There always remains room for improvement.

SUMMARY

In one aspect, there is provided a method of operating an
aircraft having a first engine secured to a first wing on a first
side of a fuselage, and a second engine secured to a second
wing on a second side of the fuselage, the second wing
having a proximal end secured to the fuselage, and a distal
end extending away from the fuselage, the method compris-
ing: while operating the first engine, conveying compressed
gas from the first engine to a thrust generating device located
at the distal end of the second wing, and the thrust generating
device generating thrust using the energy of the compressed
gas.

In another aspect, there is provided an aircraft having: a
fuselage; a first wing extending on a first side of the fuselage
from a proximal end to a distal end; a second wing extending
on a second side of the fuselage from a proximal end to a
distal end; a first thrust generating device located at the distal
end of the second wing; a second thrust generating device
located at the distal end of the first wing; a first compressed
gas passage extending from the first engine to the first thrust
generating device; a second compressed gas passage extend-
ing from the second engine to the second thrust generating
device; the first and second thrust generating devices being
configured to generate thrust using energy from the expan-
sion of compressed gas received from the corresponding
compressed gas passage.

DESCRIPTION OF THE DRAWINGS

Reference is now made to the accompanying figures in
which:

FIG. 1 is a schematic cross-sectional view of a gas turbine
engine; and

FIG. 2 is a schematic top plan view of an aircraft.

DETAILED DESCRIPTION

FIG. 1 illustrates an example of a turbine engine. In this
example, the turbine engine 10 is a turboprop engine gen-
erally comprising in serial flow communication, a compres-
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sor section 12 for pressurizing the air, a combustor section
14 in which the compressed air is mixed with fuel and
ignited for generating an annular stream of hot combustion
gases around the engine axis 11, and a turbine section 16 for
extracting energy from the combustion gases. The turbine
engine 10 terminates in an exhaust section 19.

The fluid path extending sequentially across the compres-
sor section 12, the combustor section 14 the turbine section
16 and the exhaust section 19 can be referred to as the core
gas path 18. In the embodiment shown in FIG. 1, the
turboshaft engine 10 has two compressor and turbine stages,
including a high pressure stage associated to a high pressure
shaft 20, and a low pressure stage associated to a low
pressure shaft 22. The low pressure shaft 22 is used as a
power source for a propeller during use. Turboprop engines
typically have some form of gearing by which the power of
the low pressure shaft 22 is transferred to an external shaft
26 bearing blades or propeller. This gearing, which can be
referred to as a gearbox 24 for the sake of simplicity,
typically reduces the rotation speed to reach an external
rotation speed which is better adapted to rotate the blades or
propeller for instance.

Turbofans are another common type of aircraft engine.
Instead of using a propeller, turbofans typically have a fan
extending across a bypass duct, the bypass duct extending
around the core gas path. The fan can be driven using a
lower pressure turbine stage, for instance, while the com-
pressor can be driven using a higher pressure turbine stage,
via a concentric shaft arrangement.

FIG. 2 presents an example aircraft 30 having a first
engine 32 and a second engine 34. The first engine 32 is
supported by a first wing 36 extending from a proximal end
38 to a distal end 40 on a first side of the fuselage 42,
whereas the second engine 34 is supported by a second wing
44 extending from a proximal end 46 to a distal end 48 on
a second side of the fuselage 42. The engines 32, 34 are at
an intermediary location along the corresponding wing 36,
44, between the fuselage 42 and the wing tip 50, 52, and are
typically closer to the fuselage 42 than to the wing tip 50, 52.
During a typical mode of operation of the aircraft 30, both
engines 32, 34 generate an equal amount of thrust. Each
engine 32, 34 being separated from the center of gravity G
of the aircraft 30 by a spacing distance d, they generate a
yawing torque in opposite directions, and the yawing
torques generated cancel each other out, leaving no signifi-
cant amount of net torque affecting the orientation of the
aircraft relative to its course. If, however, one of the engine,
e.g. the second engine 34, fails, it will stop generating its
yawing torque, and therefore stop balancing the yawing
torque of the other engine. To a certain extent, this can be
compensated by operating a rudder 52, typically incorpo-
rated into a vertical stabilizer located at the tail of the aircraft
30, to generate a laterally oriented “lift” force to generate a
torque opposite to the torque generated by the operating
engine. Enabling the rudder 52 to generate a sufficient
amount of torque, may require oversizing the rudder 52,
which may be undesirable, for instance.

In the illustrated embodiment, the aircraft further com-
prises two thrust generating devices: a first thrust generating
device 54 located at the distal end 48 of the second wing 44,
at or near the wing tip 52, and a second thrust generating
device 56 located at the distal end 40 of the first wing 36, at
or near the wing tip 50. Compressed gas passages 58, 60 are
provided which can convey compressed gas, such as exhaust
gasses or compressor bleed air for instance, depending on
what is most suitable in view of a specific application. Each
compressed gas conduit 58, 60 extends from a correspond-
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ing one of the engines 32, 34, across the fuselage 42, to the
thrust generating device 54, 56 located on the other side of
the aircraft 30. The first compressed gas passage 58, extend-
ing from the first engine 32 to the first thrust generating
device 54, can be entirely distinct from, or have a common
segment 62 shared with the second compressed gas passage
60. If a segment 62 of the passages is shared, valves can be
used to selectively close the non-common, dedicated seg-
ments associated to the first engine 32 and first thrust
generating device 54 from the common segment, while
maintaining the dedicated segments associated to the second
engine 34 and the second thrust generating device 56 in fluid
communication with the shared segment, or vice versa.
Using a shared segment can reduce weight by contrast with
using two fully dedicated lines or ducts, for instance. The
gas passages 58, 60 can alternately be configured in a
manner to be left permanently open, or to be selectively
openable or closable depending on the needs such as to
maximize efficiency.

The thrust generating devices 54, 56 are configured to
generate thrust using energy from the expansion of the
compressed gas conveyed across the compressed gas pas-
sage. In one embodiment, the thrust generating devices 54,
56 can be jet nozzles for instance. In another embodiment,
the thrust generating devices can have a turbine extracting
energy from the expanding gas and driving a propeller or
compressor (e.g. fan) into rotation, for instance. The exact
choice of the type of thrust generating device for a given
embodiment can be left to the designer to be made in view
of the specificities of that embodiment. In some embodi-
ments, the thrust generating devices can integrate eductors/
ejectors. The amount of thrust generated by the thrust
generating device can be controllable in some embodiments.
For instance, a valve or other similar device can be present
upstream of the thrust generating device in the compressed
gas passage and control the degree of opening of the
compressed gas passage, or the nozzle can have a variable
nozzle area. Alternately, the thrust generating device can be
connected to the corresponding engine solely by static
components. Nozzles are relatively lightweight devices and
can thus generate thrust with a lower weight penalty than
other mechanical devices. Similarly, as a means of diverting
engine power, ducting/lines can be relatively light weight as
compared to other forms of mechanical or electrical power
transferring techniques.

The thrust generating devices 54, 56 can be configured to
operate permanently, i.e. as long as the engine 34, 36 from
which their compressed gas source is derived operates and
generates the compressed gas. Alternately, the aircraft 30
can include fluid flow control devices, which will be referred
to herein as valves for simplicity, such as a first valve 66 in
the first compressed gas conduit 58, and a second valve 64
in the second compressed gas conduit 60, or any other
configuration of valves found suitable for a given applica-
tion, and the valves can be selectively operable to open or
close the corresponding conduit, or a corresponding segment
of the compressed gas passage network. The valves can
either be configured to switch between the open or closed
configuration, or to be gradually openable to corresponding
intermediate configurations between the open and closed
configuration, depending on the needs. For instance, par-
tially opening one valve to operate one of the thrust gener-
ating devices at partial power may be relevant if the other
engine is still operating at partial power, or to voluntarily
exert a yaw-inducing torque to the aircraft, for instance. Any
suitable mechanism can be used as the valve. As such, the
valves can be selectively controlled to control the operation
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of the corresponding thrust generating device. For instance,
a corresponding valve can be switched to the fully open
configuration to fully drive the corresponding thrust gener-
ating device in the event of failure of the other engine, while
being maintained in the fully closed configuration to avoid
or mitigate any associated power/efficiency loss when both
engines operate normally.

The thrust generating devices 54, 56 can be located at a
greater distance D from the center of gravity G than the
corresponding engines 32, 34, and therefore, can compen-
sate the torque generated by the corresponding engine 32, 34
even if they do not generate as much thrust as the corre-
sponding engine. The thrust generating devices, compressed
gas passages can be sized and configured, or controlled, in
a manner to fully compensate for the yawing torque of the
engine it is associated to (meaning that the value of the thrust
times the distance with the center of gravity G is equal and
opposite for the thrust generating device and engine), to
partially compensate for the yawing torque of the engine it
is associated to, or to overly compensate for the yawing
torque of the engine it is associated to. Indeed, the thrust
generating device and the associated conduits can generate
a weight and cost penalty to the aircraft. This weight and
cost penalty may be greater if configured in a manner to fully
compensate the yawing torque of the corresponding engine,
than if designed to cooperate with the rudder 52 in com-
pensating the yawing torque of the corresponding engine,
for instance.

Accordingly, in one embodiment, in the event of an
engine failure, such as engine 34 for instance, the second
thrust generating device and second engine 34 can remain
inoperative while engine 32 remains operative, thrust gen-
erating device 54 is operated in a manner to generate a
maximum amount of thrust which is still not enough to fully
compensate the yawing torque generated by the first engine
32, and the rudder 52 can be operated to generate transver-
sal, horizontal lift [ and cooperate with the thrust generated
by the first thrust generating device 54 in canceling out the
yawing torque generated by the first engine 32.

In one embodiment, the compressed gas can be com-
pressed air bled within the compressor section, e.g. from a
radially outer wall of the compressor gas path or between the
compressor and the combustor. The compressed gas source
can be a port in the form of one or more manifold inlets
configured to receive the compressed air.

In another embodiment, the compressed gas can be
exhaust gas received from the turbine and/or exhaust sec-
tions, e.g. from a radially outer wall of the turbine gas path
or from across the exhaust duct. The compressed gas source
can be a port in the form of one or more manifold inlets
configured to receive exhaust gasses from the turbine and/or
exhaust sections. In some embodiments, a fluid flow control
devices/valve can be integrated to the port itself, whereas in
alternate embodiments a fluid flow control device/valve can
be located at an intermediary position along the compressed
air conduit, or at the compressed air outlet leading into the
thrust generating device, for example. Conduits used to
convey compressed gas are often referred to as lines,
whereas conduits used to convey exhaust gasses are often
referred to as ducts. The expression compressed gas passage
will be used herein to cover both scenarios.

The embodiments described in this document provide
non-limiting examples of possible implementations of the
present technology. Upon review of the present disclosure,
a person of ordinary skill in the art will recognize that
changes may be made to the embodiments described herein
without departing from the scope of the present technology.
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For example, It will be understood that while in the
illustrated embodiment, the aircraft is a twin-engine turbo-
prop aircraft, alternate embodiments can have more than two
engines, such as four engines for instance, and that the
engines can be other aircraft engines than turboprop engines,
such as turbofan engines for instance. For the purpose of this
specification, turbofan fans will be considered as compres-
sors, and the compressed gas conduit can draw compressed
air from the bypass ducts, for instance. In some embodi-
ments, nozzle thrust can be augmented by electrically driven
or mechanically driven boost compressors for instance, and
can be statically parallel to the fuselage, or vectored to
provide additional aircraft control. In an embodiment where
the compressed gas is used to drive a fan or propeller, a wing
tip fan or propeller can be driven using the compressed gas.
The drive system could be either direct drive or via a
reduction gear box from a power turbine. In still another
embodiment, a compact or simplified turbofan can be used
as wing tip thruster. In such a scenario, a power turbine can
be used to drive a ducted fan, the power turbine can be
driven by compressed air supplied from the main turboprop
engine on the other side of the fuselage for instance, in
which case this would be a turbofan engine without a core.
The nozzle system could be either separate duct or mixed
nozzle. In still an alternate embodiment, independent, fully
functional gas turbine engines, having core engines and
powered by fuel, can be used at or near the wing tips instead
of the compressed-gas driven thrust generating devices.
Indeed, using a small turbofan engine as a wing tip thruster
would only require a fuel supply to the wing tip. For
example, to achieve a 3.5 thrust ratio between the main
engine and the wing tip thruster, a PW127 engine with a
PW615 engine could be used to give the desired thrust ratio.
This may allow using turbofans at the wing tips in addition
to two twin turboprop as main engines. Even using such
engines at the wing tip may lead to lesser weight penalties
than some other mechanical or electrical power diversion
strategies. Moreover, using such small, fully functional
engines at the wing tips may allow downsizing the main
engines to a certain extent, and therefore achieve a better
overall weight utilization. Yet further modifications could be
implemented by a person of ordinary skill in the art in view
of the present disclosure, which modifications would be
within the scope of the present technology.

The invention claimed is:

1. A method of operating an aircraft having a first engine
secured to a first wing on a first side of a fuselage, and a
second engine secured to a second wing on a second side of
the fuselage, the second wing having a proximal end secured
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to the fuselage, and a distal end extending away from the
fuselage, the method comprising:

operating the first engine, including generating a yawing

torque relative to a center of gravity of the aircraft;
while operating the first engine, conveying compressed

gas from the first engine to a thrust generating device

located at the distal end of the second wing, and

the thrust generating device generating thrust using the

energy of the compressed gas and compensating the
yawing torque generated by the first engine relative to
the center of gravity of the aircraft.

2. The method of claim 1 wherein the first engine has a
compressor section, a combustor section, and a turbine
section in sequential fluid flow communication, wherein the
compressed gas source is bleed air from the compressor
section.

3. The method of claim 1 wherein the first engine has a
compressor section, a combustor section, a turbine section
and an exhaust duct in sequential fluid flow communication,
wherein the compressed gas source is exhaust gas from the
exhaust duct.

4. The method of claim 1 wherein said generating thrust
includes expanding the compressed gas in a jet nozzle of the
thrust generating device.

5. The method of claim 1 wherein said generating thrust
includes expanding the compressed gas in a turbine of the
thrust generating device, said turbine driving a compressor.

6. The method of claim 1 wherein said generating thrust
includes expanding the compressed gas in a turbine of the
thrust generating device, said turbine driving a propeller.

7. The method of claim 1 further comprising said thrust
generating device cancelling the yawing torque by a coun-
ter-torque generated by the thrust of the thrust generating
device.

8. The method of claim 1 comprising generating said
thrust while said second engine is inoperative.

9. The method of claim 1 further comprising while
operating the first engine and generating said thrust, the
thrust generating device being a first thrust generating
device, operating the second engine, conveying compressed
gas from the second engine to a second thrust generating
device located at a distal end of the first wing, and the second
thrust generating device generating thrust using the energy
of the compressed gas conveyed from the second engine.

10. The method of claim 1 further comprising opening a
passage conveying the compressed gas contingent upon
detecting malfunction of the second engine.

#* #* #* #* #*
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